Total arthroplasty of basal thumb joint with Elektra prosthesis: An in vitro analysis by Completo, António et al.
 1 
Author Manuscript 
Published in final edited form as: 
J Hand Surg Eur Vol. 2016 Nov;41(9):930-938.  
Doi: 10.1177/1753193416659230 
 
Title: 
Total arthroplasty of basal thumb joint with Elektra prothesis: an in vitro analysis 
 
Authors:  
A. Completo1, A. Nascimento2, F. Neto1 
 
Address of departments: 
1 Mechanical Engineering Department, University of Aveiro, Portugal 
2 Orthopaedics Department, Coimbra University Hospital, Portugal 
 
Keywords:  
Carpometacarpal joint, uncemented trapeziometacarpal prosthesis, principal cortex 
strains, finite element models, stress-shielding. 
 
Acknowledgements:  
The authors are very grateful to the Coimbra University Hospital, by the help on the in-
vitro surgeries. 
 
Funding statement:  
This work was partially supported by the funding of Program COMPETE-FEDER, 
Programa Operacional Competitividade e Internacionalização through the project POCI-
01-0145-FEDER-016574 and by Fundação para a Ciencia e Tecologia I.P. (FCT, IP) 
through the project PTDC/EMS-TEC/3263/2014 
 
 
2 
 
Abstract 
The reported outcomes of the Elektra thumb carpo-metacarpal joint implant have been 
very variable. This study evaluates the influence of daily cyclic loads and the type of the 
screw-fit cup insertion technique in the trapezium, with and without prior threading, on 
the structural bone behaviour. The study was performed experimentally to predict initial 
implant stability and cortical bone strains. Computational models were developed to 
assess the structural cancellous bone behaviour. The use of Elektra implant changed 
considerably the bone strain behaviour comparing to the intact joint. This may be 
associated with risks of cancellous bone fatigue failure due to overload, particularly in 
the trapezium. The joint load magnitude has a more important structural role than that of 
the screw-fit cup insertion technique. Limiting the magnitude of thumb loads after 
arthroplasty may contribute positively to the longevity of this procedure. 
Level of evidence: V 
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Introduction 
The primary goals of the painful arthritis of the thumb treatment are: to restore thumb 
function, to eliminate, or at least reduce the pain, to secure a stable, mobile joint and to 
maintain strength. Numerous surgical techniques have been described for the treatment 
of thumb carpo-metacarpal (CMC) joint osteoarthritis (OA) (Colegate-Stone et al., 2011; 
Hentz, 2013; Ladd et al., 2014). Trapeziectomy with ligament reconstruction has been 
considered the gold standard; however, proximal migration of the thumb metacarpal has 
been reported, resulting in reduction of pinch strength, while total arthrodesis is 
associated with decreased motion range (Lazetta et al., 1995; Roberts et al., 2001; Taylor 
et al., 2005; Hentz 2013; Ladd et al., 2014; Smeraglia et al., 2015; Singh et al., 2015). To 
overcome these problems, total joint arthroplasty was introduced by de la ca Caffiniere 
in 1971 (Hentz, 2013; de la Caffiniere and Aucouturier, 1979). Several articles on thumb 
carpometacarpal joint total arthroplasty have indicated very different outcomes (Matullo 
et al., 2007; Hentz, 2013; Vitale et al., 2013; Huang et al., 2015; ten Brinke et al., 2016; 
Thillemann et al., 2016; Tandara et al., 2016). These reports have shown that the main 
cause of failure/revision is loosening/dislocation of the trapezium cup and pain (Wachtl 
et al., 1998; Matullo et al., 2007; Hansen et al., 2008; Vitale et al., 2013; Hentz, 2013; 
Duerinch and Caekebeke 2016; Krukhang et al., 2014). In order to improve the outcomes 
of thumb arthroplasty several prostheses have been subjected to design changes over time. 
An example is the uncemented Elektra prosthesis (Small Bone Innovations, Peronnas, 
France), which has evolved since 1997 (Regnard, 2013). The reported results of the 
Elektra implant are very variable with some good outcomes (Regnard, 2006; Ulrich et al., 
2008; Regnard, 2013; Hansen and Stilling, 2013; Chung et al., 2014) and some bad to 
very bad outcomes (Hansen and Snerum, 2008; Hernández-Cortés et al., 2011; Klahn et 
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al., 2012).  Research on the biomechanics of thumb CMC joint arthroplasty is very 
limited, but recent experimental and clinical studies suggest that threading of trapezium 
prior to insertion of uncemented screw-cup Elektra weakens the primary fixation strength 
of the implant (Hansen et al., 2011; Hansen et al., 2013).  
The hypothesis considered in this study is that the magnitude of thumb CMC joint cyclic 
loads in daily hand function, combined with a screw-fit cup insertion technique (with or 
without prior threading), generates different bone strain/stress and initial implant stability 
behaviour relatively to the intact joint, which may alter longevity of the implant.  
The aim of this study was to assess the magnitude of daily loads over the thumb CMC 
joint arthroplasty with a screw-fit cup and whether this varied with prior threading of the 
bone. 
 
Materials and Methods 
Synthetic bones 
Five synthetic trapezium and thumb metacarpal bones were manufactured since they were 
not commercially available (Fig 1). We made a foam core to mimic cancellous-bone and 
a shell of glass fibre and epoxy resin to mimic cortical-bone (Fig 1). The bone cortical 
geometry was obtained from CT scans of the left hand of a 35 year old man, that were 
converted to 3D models with an image processing software package (ScanIP, Simpleware 
Ltd. Exeter, UK). The foam core was obtained by CNC machining of blocks of solid rigid 
polyurethane foam (mod. 1522-03, Pacific-Research-Labs, WA, USA). This foam 
provides a consistent and uniform material with mechanical properties in the range of 
human cancellous-bone; it is used as a standard material for testing orthopaedic devices 
and instruments [ASTM F-1839-08 (2012)]. Subsequently, the foam core was layered 
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with short-glass-fiber-reinforced epoxy resin until a mean thickness of 1.5 mm was 
achieved, matching the mean cortical thickness observed in the CT scans.  
Implantation 
Elektra thumb CMC joint total prostheses (Elektra) (Small Bone Innovations, Peronnas, 
France) were implanted using the standard surgical protocol (TMC Elektra Implant – 
Surgical Technique) by an experienced surgeon (Level III – Specialist) (Tang, 2009)  (Fig 
1). The implants were fixed into the bone models in the same positions with the help of 
two reference axes marked on the outer cortical surfaces to maximise consistency; the 
positions of the components were also measured using a 3D coordinate measuring 
machine (Model Maxim, Aberlink, UK). On the trapezium two types of screw-fit cup 
insertion techniques were used; with or without prior threading.  
Testing  
Four triaxial strain gauges (KFG-2-120-D17-11 Kyowa-Electronic-Instruments, Japan) 
were glued with a cyanoacrylate adhesive onto the base of the thumb metacarpal and three 
on the trapezium before prosthesis insertion (Fig 1). The strain gauges were connected to 
a data acquisition system PXI-1050 (National-Instruments, USA) before implant 
insertion. Four experimental joint reaction forces were applied simulating pinch and 
grasp, resulting from a combination of two flexion-extension alignments (40º and 20º) 
with two load magnitudes (Fig 1). A lateral pinch task (1kg), which generates an average 
thumb CMC joint contact force of 111N (Cooney and Chao, 1977) and a grasp task 
(10Kg), which generates an average thumb CMC joint contact force of 1223N (Cooney 
and Chao, 1977), were applied by the loading equipment (controlled through a load cell) 
before and after implantation (Fig 1). These loads were applied to implants with the two 
different types of screw-fit cup insertion. In order to establish correlations with finite 
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element models and evaluate the risk of failure of the supporting cortical, the 
maximum-ε1 (tensile) and minimum-ε2 (compression) principal strains - within the plane 
of the strain gauge - were calculated. The standard deviations were determined over the 
five tests for each load-case and screw-fit cup insertion technique. The screw-fit cup and 
stem initial stability were evaluated after 25,000 load cycles at a frequency of 1Hz, for 
each load-case through a pull-out movement.  
Finite element analysis 
Finite element (FE) models of the intact and implanted structures of the trapezium and 
thumb metacarpal were built from CT-scans of the experimental models that were 
converted to 3D models with an image processing software package (ScanIP, Simpleware 
Ltd. Exeter, UK). This was to assess the mechanical cancellous bone behaviour in a 
stable, well-fixed implant. The implant models were created with a CAD modelling 
package (Catia, Dassault-Systèms, France). The finite-element models were composed of 
a total of approximately 60,000 four-node, tetrahedral elements. Non-linear contact 
formulation analysis was performed with ABAQUS (6.12-1) (Providence, USA). The 
trapezium-cup and thumb metacarpal-stem interfaces were modelled using a surface-to-
surface contact algorithm with a coefficient of friction of 0.3 (Shirazi-Adl et al., 1993; 
Viceconti et al., 2000; Completo et al., 2010). The materials were assumed to be 
homogeneous, isotropic and linearly elastic. The elastic modulus values used for the 
screw-fit cup, stem, cortical and cancellous-bone were 210 GPa, 110 GPa, 16.7 GPa and 
0.155 GPa, respectively. The Poisson's ratio was considered to be 0.3 for all materials. 
The applied loads in the FE models replicated those used in the experimental setup. The 
two types of screw-fit cup insertion techniques were modelled through a contact 
interference-fit formulation. The screw-fit cup insertion with prior trapezium threading 
 
 
7 
 
was modelled with a 0.02mm press-fit, while the insertion without prior threading was 
modelled with a press-fit of 0.3mm (~thread height) at the thread crest regions. For 
comparison purposes, a rigidly bonded bone-implant interface with full bone-implant 
adhesion, representative of a stable long-term bone implant interface, was also modelled. 
Cortical bone strains acting on the gauge planes were selected as corresponding to the 
experimental strain measurement sites.  
Statistical analysis 
In the biomechanical models an exploratory data analysis with a Shapiro-Wilk test was 
made in order to check the normal distribution of all data. Paired t-tests were performed 
(SPSS, USA) to evaluate the statistical significance of the difference of the mean principal 
cortical strains. Regression analysis was performed for the measured cortical strains and 
for those predicted by the FE models. The root-mean-square-error was calculated and 
expressed as a percentage (RMSE %) of the peak values of the measured principal cortical 
strains. In addition, to evaluate the risk of failure of cancellous bone in compression a 
comparative analysis of the minimum principal strains was conducted. 
 
Results 
The mean and standard deviation of the principal cortical strains for each strain gauge are 
depicted in Fig 2, for grasp (1223 N, 40º) and lateral pinch (111N, 20º) loads.  The two 
other flexion-extension alignments analysed for both loads did not substantially alter the 
cortical strain behaviour. The standard deviation of the mean principal strain was less 
than 12% for the trapezium or thumb metacarpal. The grasp load at the trapezium 
produced, on average, ten times higher cortical strains than the lateral pinch load, except 
in the implants without prior threading, which showed the highest principal strains for 
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both loading scenarios. Significant minimum principal strain differences were shown 
between the intact models and the prostheses implanted with prior threading (Table 1) in 
the Dorsal (T_D) and Lateral (T_L) strain gauges (p<0.05). Significant maximum 
principal strain differences (p<0.05) were registered at the Medial (T_M) and Dorsal 
(T_D) strain gauges between intact models and for the prostheses implanted without prior 
threading. For the thumb metacarpal the highest principal strains were measured in the 
intact models for both loading scenarios (Fig 2). Significant principal strain differences 
were seen in all metacarpal strain gauges between intact models and the prostheses 
(p<0.05), most marked for grasping (Table 1).  
After 25,000 load cycles (1Hz) the screw-fit cups (with and without prior threading) and 
the metacarpal stems were stable on pull-out testing. In the trapezia and the thumb 
metacarpals, the correlation values (R2) between FE and experimental principal cortical 
strains were 0.93 and 0.90 respectively, while the slopes of the linear regression models 
were 1.19 and 1.05 respectively. The overall absolute difference between numerical and 
experimental cortical strains (RMSE %) was 14% for the trapezia and 11% for the thumb 
metacarpals.  Both types of the screw-fit cup insertion techniques increased the cancellous 
bone strains around the screw-fit cup several times (3 to 20 times) compared to the intact 
model. This was more marked, for the trapezium bones with cups inserted without prior 
threading (Fig 3). In the thumb metacarpal the cancellous bone strains around the stem 
increased compared to the intact model, for all loading scenarios (Fig 4). The FE 
modelling of long-term stable bone-implant interfaces showed a mean strain reduction of 
2 and 4 times for the trapezium and thumb metacarpal bones respectively, (Fig 5) 
comparing to the recently implanted models. 
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Discussion 
The standard deviation of the measured cortical strains was in range of those published 
elsewhere for other synthetic bones (Completo et al., 2008; Meireles et al., 201). The 
average cortical strains in the implanted trapezia presented a tendency to either remain 
constant or even reduce, when the screw-fit cup was inserted with prior bone threading. 
The strain reduction at the lateral region, greater than 1,000 µstrain for the grasp load, 
may present a risk of trapezium cortical resorption since it is known that, in situations 
where bone loads are reduced or eliminated, bone mass is reabsorbed (Gross and Rubin, 
1995). In contrast, when the screw-fit cup was inserted without prior trapezium threading, 
a general cortical strain increase was observed. For some strain gauges, mainly for the 
grasp load, the higher cortical maximum principal strain (tensile) values (>2,000 µstrain) 
may be considered pathological (Frost H., 2003). The cortical strains in the implanted 
thumb metacarpal presented a significant reduction comparing to the intact situation, 
particularly for the grasp load.  No sign of instability was observed on the screw-fit cup, 
for either insertion technique.  
The failure of the supporting cancellous bone can be due to overload (compression) and 
is usually a fatigue mode characterized clinically by repetitive loading, gradual pain, and 
bone resorption (Taylor and Tanner, 1997) or failure described by Wolff's law; i.e. in 
situations where bone loads are reduced or eliminated, bone mass is reabsorbed.  The 
developed FE models for the evaluation of the cancellous bone strain produced results 
which compare well with the experimental data in terms of correlation values, slope of 
the linear regressions and RMSE values which are within the range of previously 
published data (Completo et al., 2010; Completo et al., 2011). Therefore, the validity of 
the FE models is reasonably well proven. For both bone models the introduction of the 
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Elektra implant tended to increase the cancellous bone strains comparing to normal.  
However, when the screw-fit cup was inserted without prior trapezium threading, the high 
strain regions were more extensive than those with prior threading. The strain increase 
indicates a potential risk of cancellous bone fatigue failure for both the implanted trapezia 
and thumb metacarpals; bone can suffer fatigue failure if the induced strain approaches 
60-80% of the yield strain (Choi et al., 1992). This can represent a serious damage risk at 
over one million cycles. However, this failure risk is only present if the thumb load is in 
the range of this study (daily activities) and the load is applied immediately after 
arthroplasty (here simulated through a contact with friction bone-implant interface). Thus, 
it would appear to be prudent  for some time (how long is unknown) following a thumb 
arthroplasty to avoid normal daily hand functions, considering that even a lateral pinch 
(1kg) action generates a cancellous bone strain increase greater than 100% for both bone 
structures. Once full bone-implant anchorage has occurred (here simulated through a 
rigidly bonded bone-implant interface in the FE model), the cancellous bone strains were 
about half those obtained in the immediate postoperative scenario for both structures. 
However, in the trapezium - for the grasp load - they are still approximately ten times 
higher than the intact strain values. Thus this still presents a risk of cancellous bone 
suffering fatigue failure. In this context, daily activities with load magnitudes 
substantially lower than grasp (10kg), lateral pinch (1kg) or tip pinch (1kg) load will 
reduce/minimise the risk of bone fatigue failure both for trapezium and thumb metacarpal. 
However, how this can be feasible it is unclear.  
Comparative studies on the state of stress/strain in CMC joint between intact thumbs and 
following an Elektra total arthroplasty are very limited. There are some clinical and 
in-vitro studies (Hansen et al., 2011) with the Elektra implant. The clinical outcome of 
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Elektra implant reported is controversial, with a great variability in rates of revision  Some 
studies report low rates (Regnard, 2006; Ulrich-Vinther et al., 2008; Regnard, 2013; 
Hansen and Stilling, 2013; Chung et al., 2014), whilst others find the results unacceptable 
(Hansen and Snerum, 2008; Hernández-Cortés et al., 2011; Klahn et al., 2012).  These 
clinical results do not contradict the present study, as the main failure occurs in the screw-
fit cup in the trapezium due to loosening. This finding is in line with the marked increase 
in cancellous bone strain identified in this study around the screw-fit cup comparing to 
the intact joint for daily loads on thumb, mainly in the early postoperative condition. It is 
reasonable to expect cancellous bone to suffer fatigue failure if the induced strain of the 
intact joints is increased by 50-100% due to implantation (Burstein and Wright, 1994), as 
in this study. For the longevity of this procedure, it appears that magnitude of the joint 
loads is more important than the screw-fit cup insertion technique.   
As in all experimental-numerical studies, the present study also has shortcomings. One 
limitation is the use of synthetic bones and the simplifications made in the experiments 
to represent the functioning joint. Another issue is the use of a CT scan from a male of 35 
years and not of a woman in the 50’s with thumb CMC joint osteo-arthritis. However, the 
use of artificial bones increases reproducibility reducing the number of tests. Another 
limitation concerns the experimental load-cases which were simplified in terms of 
structural links - ligaments and muscles, among others, between trapezium and thumb 
metacarpal. Nonetheless the applied load-cases are representative of the major loads 
acting upon the implant and bone structure for thumb loads in the range of daily activities.  
In conclusion the main insight from this study is that the use of Elektra implant changes 
the biomechanical behaviour of the trapezium and thumb metacarpal enough to risk bone 
fatigue failure by overload, particularly at the trapezium, for thumb loads in the range of 
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daily activities. The magnitude of the joint load appears to be more important for the 
longevity of the implants than the screw-fit cup insertion technique in the trapezium. 
Nevertheless, insertion without prior threading appears preferable to improve early 
press-fit fixation of the screw cup, and may possibly prevent the previously reported high 
and early clinical failure rates. Limiting the loads over the thumb during the initial period 
(perhaps 6 weeks, followed by a progressive load increase) after a thumb CMC joint 
arthroplasty may improve implant longevity.  
 
References 
ASTM F1839-08(2012). Standard Specification for Rigid Polyurethane Foam for Use as 
a Standard Material for Testing Orthopaedic Devices and Instruments, ASTM 
International, West Conshohocken, PA, 2012. 
Burstein AH, Wright TM. Fundamentals of Orthopaedic Biomechanics, Baltimore 
Williams&Wilkins, 1994: 191–217. 
Choi K, Goldstein SA. A comparison of the fatigue behavior of human trabecular and 
cortical bone tissue. J Biomech. 1992, 25:1371-81 
Chug M, Williams N, Benn D, Brindley S. Outcome of uncemented trapeziometacarpal 
prosthesis for treatment of thumb carpometacarpal joint arthritis. Indian J Orthop. 2014, 
48: 394-8.  
Cobb TK, Berner SH, Badia A. New frontiers in hand arthroscopy. Hand Clin. 2011, 27: 
383-94. 
Colegate-Stone TJ, Garg S, Subramanian A, Mani GV. Outcome analysis of 
trapezectomy with and without pyrocarbon interposition to treat primary arthrosis of the 
trapeziometacarpal joint. Hand Surg. 2011, 16: 49-54. 
Completo A, Simões JA, Fonseca F. Experimental Evaluation of Strain Shielding in 
Distal Femur in Revision TKA. Experimental Mechanics. 2008, 48: 817-24. 
Completo A, Rego A, Fonseca F, Ramos A, Relvas C, Simões JA. Biomechanical 
evaluation of proximal tibia behaviour with the use of femoral stems in revision TKA: an 
in vitro and finite element analysis. Clin Biomech. 2010, 25: 159-65. 
Completo A, Pereira J, Fonseca F, Ramos A, Relvas C, Simões J. Biomechanical analysis 
of total elbow replacement with unlinked iBP prosthesis: an in vitro and finite element 
analysis. Clin Biomech. 2011, 26: 990-7. 
Cooney WP, Chao EY. Biomechanical analysis of static forces in the thumb during hand 
function. J Bone Joint Surg Am. 1977, 59: 27-36. 
 
 
13 
 
de la Caffiniere JY, Aucouturier P. Trapezio-metacarpal arthroplasty by total prosthesis. 
Hand. 1979,11: 41-6. 
Duerinckx J, Caekebeke P. Trapezium anatomy as a radiographic reference for optimal 
cup orientation in total trapeziometacarpal joint arthroplasty J Hand Surg Eur Vol, 
1753193416630496 
Frost HM. Bone's mechanostat: a 2003 update. Anat Rec A Discov Mol Cell Evol Biol. 
2003, 275: 1081-101. 
Gross TS, Rubin CT. Uniformity of resorptive bone loss induced by disuse. J. Orthop. 
Res. 1995, 13: 708-14. 
Hansen TB, Vainorius D. High loosening rate of the Moje Acamo prosthesis for treating 
osteoarthritis of the trapeziometacarpal joint. J Hand Surg Eur Vol. 2008, 33: 571–4. 
Hansen TB, Stilling M. Equally good fixation of cemented and uncemented cups in total 
trapeziometacarpal joint prostheses. Acta Orthop. 2013, 84: 98-105. 
Hansen TB, Snerum L. Elektra trapeziometacarpal prosthesis for treatment of 
osteoarthrosis of the basal joint of the thumb. Scand J Plast Reconstr Surg Hand Surg. 
2008, 42:316-9. 
Hansen TB, Meier M, Møller MC, Larsen K, Stilling M. Primary cup fixation with 
different designs of trapeziometacarpal total joint trapezium components: A 
radiostereometric analysis in a pig bone model. J Hand Surg Eur. 2011, 36: 285-90.  
Hentz VR. Surgical treatment of trapeziometacarpal joint arthritis: a historical 
perspective. Clin Orthop Relat Res. 2014, 472: 1184-89. 
Hernández-Cortés P, Pajares López M, Robles Molina MJ, Gómez Sánchez R, Toledo 
Romero MA, De TorresUrrea J. Two year outcomes of Elektra prosthesis for 
trapeziometacarpal osteoarthritis: A longitudinal cohort study. J Hand Surg Eur. 2012, 
37:130–7. 
Huang K, Hollevoet N,Giddins G. Thumb carpometacarpal joint total arthroplasty: a 
systematic review J Hand Surg Eur Vol, 2015; vol. 40, 4: pp. 338-350 
Klahn A, Nygaard M, Gvozdenovic R, Boeckstyns ME. Elektra prosthesis for 
trapeziometacarpal osteoarthritis: A followup of 39 consecutive cases. J Hand Surg Eur. 
2012, 37: 605–9. 
Krukhaug Y, Lie SA, Havelin LI, Furnes O, Hove LM, Hallan G. The results of 479 
thumb carpometacarpal joint replacements reported in the Norwegian Arthroplasty 
Register J Hand Surg Eur Vol, 2014; vol. 39, 8: pp. 819-825 
Ladd AL., Crisco JJ, Hagert E, Rose J, Weiss AP. The 2014 ABJS Nicolas Andry Award: 
The puzzle of the thumb: mobility, stability, and demands in opposition. Clin Orthop 
Relat Res. 2014, 472: 3605-22. 
Lanzetta M1, Foucher G. A comparison of different surgical techniques in treating 
degenerative arthrosis of the carpometacarpal joint of the thumb. A retrospective study of 
98 cases. J Hand Surg Br. 1995, 20: 105-10. 
Matullo KS, Ilyas A, Thoder JJ. CMC arthroplasty of the thumb: a review. Hand (N Y). 
2007, 2: 232-9. 
 
 
14 
 
Meireles S, Completo A, António Simões J, Flores P. Strain shielding in distal femur after 
patellofemoral arthroplasty under different activity conditions. J Biomech. 2010, 43: 477-
84. 
Pearlman JL, Roach SS, Valero-Cuevas FJ. The fundamental thumb-tip force vectors 
produced by the muscles of the thumb. J Orthop Res. 2004, 22: 306-12.  
Regnard PJ. Electra trapezio metacarpal prosthesis: Results of the first 100 cases. J Hand 
Surg Br. 2006, 31: 621–8. 
Regnard PJ. Complications et évolution de la prothèse trapézo-métacarpienne Elektra 
dans une série homogène de 1100 implants. Chirurgie da la main. 2013, 32: 456.  
Roberts RA, Jabaley ME, Nick TG. Results following trapeziometacarpal arthroplasty of 
the thumb. J Hand Ther. 2001, 14: 202–7.  
Shirazi-Adl A, Dammak M, Paiement G. Experimental determination of friction 
characteristics at the trabecular bone/porous-coated metal interface in cementless 
implants. J Biomed Mater Res. 1993, 27: 167-75.  
Singh HP, Hoare C, Beresford-Cleary N, Anakwe R, Hayton M. Nonunion after 
trapeziometacarpal arthrodesis: comparison between K-wire and internal fixation J Hand 
Surg Eur Vol, 2015; vol. 40, 4: pp. 351-355 
Smeraglia F, Soldati A, Orabona G, Ivone A, Balato G, Pacelli M. Trapeziometacarpal 
arthrodesis: is bone union necessary for a good outcome? J Hand Surg Eur Vol, 2015; 
vol. 40, 4: pp. 356-361 
Tandara AA, Capeller LJ, Jarczok MN, Mayrhofer P, Jung M, Daecke W. A software tool 
for prediction of prosthesis failure at the carpometacarpal joint of the thumb J Hand Surg 
Eur Vol, 2015; vol. 40, 4: pp. 364-369 
Tang JB Re: levels of experience of surgeons in clinical studies. Journal of Hand Surgery 
(European Volume). 2009, 34,137-38. 
Taylor EJ, Desari K, D'Arcy JC, Bonnici AV. A comparison of fusion, trapeziectomy and 
silastic replacement for the treatment of osteoarthritis of the trapeziometacarpal joint. J 
Hand Surg Br. 2005, 30: 45-9. 
Taylor M, Tanner KE. Fatigue failure of cancellous bone: a possible cause of implant 
migration and loosening. J. Bone Joint Surg. Br. 1997, 79: 181–2. 
ten Brinke B, Mathijssen NMC, Blom I, Deijkers RLM, Ooms EM, Kraan GA. Model-
based roentgen stereophotogrammetric analysis of the surface replacement 
trapeziometacarpal total joint arthroplasty J Hand Surg Eur Vol, 1753193416629070 
Thillemann JK, Thillemann TM, Munk B, Krøner K. High revision rates with the metal-
on-metal Motec carpometacarpal joint prosthesis J Hand Surg Eur Vol, 2016; vol. 41, 3: 
pp. 322-327 
TMC Elektra Implant – Surgical Technique. Small Bone Innovations, Inc 
http://www.totalsmallbone.com/uk/pdfs/Elektra.pdf (January 2016) 
Ulrich-Vinther M, Puggaard H, Lange B. Prospective 1year followup study comparing 
joint prosthesis with tendon interposition arthroplasty in treatment of trapeziometacarpal 
osteoarthritis. J Hand Surg Am. 2008, 33: 1369-77. 
 
 
15 
 
Viceconti M, Muccini R, Bernakiewicz M, Baleani M, Cristofolini L. Large sliding 
contact elements accurately predict levels of bone–implant micromotion relevant to 
osseointegration. J. Biomech. 2000, 33: 1611-18. 
Vitale MA, Taylor F, Ross M, Moran SL. Trapezium prosthetic arthroplasty (silicone, 
Artelon, metal, and pyrocarbon). Hand Clin. 2013, 29: 37-55. 
Wachtl SW, Guggenheim PR, Sennwald GR. Cemented and non-cemented replacements 
of the trapeziometacarpal joint. J Bone Joint Surg Br. 1998, 80: 121-5. 
 
 
16 
 
TABLES 
Table 1 – p values from the t tests, performed to test the difference of the mean cortical 
strains between the intact and implanted trapezium and thumb metacarpal models for 
grasp and lateral pinch loads (ε – principal strain). 
 
 
 
  
ɛ2 (minimal) ɛ1 (maximal) ɛ2 (minimal) ɛ1 (maximal) ɛ2 (minimal) ɛ1 (maximal) ɛ2 (minimal) ɛ1 (maximal)
Medial - strain gauge T_M 0.119 0.105 0.016 * p<0.001 * 0.736 0.026 0.001 * p<0.001 *
Dorsal - strain gauge T_D p<0.001 * 0.136 0.155 p<0.001 * 0.003 * 0.415 0.001 * p<0.001 *
Lateral - strain gauge T_L p<0.001 * p<0.001 * 0.002 * 0.271 0.004 * 0.078 0.053 p<0.001 *
Medial - strain gauge M_M
Dorsal - strain gauge M_D
Lateral - strain gauge M_L
Palmar - strain gauge M_P p<0.001 *
0.002 *
p<0.001 *
ɛ2 (minimal) ɛ1 (maximal)
p<0.001 *
p<0.001 *
p<0.001 *
 prior threading  without prior threading
Lat. Pinch at 20° Flex.-Ext
Intact versus
Intact versus implanted
ɛ2 (minimal) ɛ1 (maximal)
0.120 p<0.001 *
0.004 * 0.259
0.100 0.118
0.004 *
Hand activity
Trapezium
Principal Strain
Thumb metacarpal
Principal Strain
 prior threading  without prior threading
Intact versus
Grasp at 40° Flex.-Ext 
Intact versus implanted
p<0.001 *
0.051
p<0.001 *
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LIST OF FIGURES LEGENDS 
Figure 1 – a) Elektra prosthesis stem and cup; b) Loading device and experimental setup; 
c) Joint extension alignment; d) Joint flexion alignment; e) Strain gauge positions in 
Lateral (M_L and T_L),  Dorsal (M_D and T_D), Medial (M_M and T_M) and Palmar 
(M_P) sites at the thumb metacarpal and trapezium. 
 
Figure 2 - Mean and standard deviation of the measured principal strains (ε1 - maximum 
and ε2 - minimum) for the trapezium and thumb metacarpal at each strain gauge location 
for the Grasp and Lateral Pinch activities. 
 
Figure 3 - Minimum principal (compression) strains in cancellous bone of the intact and 
implanted trapezium for the Grasp and Lateral Pinch loads. 
 
Figure 4 - Minimum principal (compression) strains in cancellous bone of the intact and 
implanted thumb metacarpal for the Grasp and Lateral Pinch loads. 
 
Figure 5 - Minimum principal (compression) strains in cancellous bone of the implanted 
trapezium and thumb metacarpal for the Grasp load in a condition of full bone-implant 
adhesion.  
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Grasp at 40° Flex-Ext 
Intact With prior threading Without prior threading 
   
Lateral Pinch at 20° Flex-Ext 
Intact With prior threading Without prior threading 
   
 
Figure 3 
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Grasp at 40° Flex-Ext 
Intact Implanted 
  
Lateral Pinch at 20° Flex-Ext 
Intact Implanted 
  
Figure 4 
 
Grasp at 40° Flex-Ext 
Trapezium after full osseointegration with the screw-cup  Thumb metacarpal after full osseointegration with the stem 
  
Figure 5 
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